Background: Rice cultivation is a new practice to Tselemti district of Tigray region, Ethiopia. Adoption of rice technologies is very slow in spite of its potential in the area. This research intended to identify factors affecting adoption of rice technologies.
Background
Agriculture is the mainstay of the Ethiopian economy. Although the transformation toward a more manufacturing and industrially oriented economy is well underway, the agriculture sector continues to be the most dominant aspect of the Ethiopian economy, accounting for nearly 46% of gross domestic product (GDP), 73% of employment, and nearly 80% of foreign export earnings [1] . The bulk of agricultural GDP for the period 1960-2009 had come from cultivation of crops (90%) and the remaining (10%) from livestock production [8] .
Rice has become a commodity of strategic significance in Ethiopia for domestic consumption as well as export market for economic development [3] . Besides, rice is among the target commodities that have received due emphasis, by the government, for the promotion of agricultural production. The crop is considered as the "millennium crop" for Ethiopia as it is expected to contribute for food security improvement. Rice production has brought a significant change in the livelihood of farmers and created job opportunities for a number of citizens in different areas of the country. As a result, the demand
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Even if rice cultivation was not practiced in Tselemti district, it is confirmed that this crop can find appropriate ecological niches since 2007. The governmental and nongovernmental organizations have promoted improved rice varieties in order to create awareness and encourage the use of the improved varieties in the district. Demonstration and promotion have also been undertaken on the use of different improved crop management technologies such as plowing, planting, fertilizing, weeding, harvesting, post-harvest handling, and these practices are being adopted by the rice growers. The recent trends in the area and production of rice along with its high compatibility in the traditional consumption habits show that rice is becoming one of the staple foods and important for ensuring household food security in the district.
Meanwhile, the district food security and nutrition of the people depend on the amount and stability of their farm output and income. Poor choice of crops to be grown and its management system accounts for the low productivity of the district. Moreover, crops grown in the swampy soils of the district give almost no yield before rice was introduced to the district. Since it was new to the district, farmers did not fully accept the rice crop to grow on its appropriate niche. The wide range and diversified problems associated with the rice sector need to be addressed in order to make it competitive. Otherwise, the poor adoption of rice technologies by farmers would eventually lead to high cost of production with corresponding low yield. Consequently, the potential area for rice production would remain unproductive due to little motivation of farmers to grow rice.
Although rice production has increased during the last decade in Ethiopia, the country's production capacity is far below the national requirement. Disseminating improved varieties and other modern inputs to rice farmers is very important to reduce food insecurity and the rate of rice importation. Adoption of improved rice production technologies should lead to significant yield increase in rice production. As an attempt to address these problems, research institutes introduced varieties accompanied by other management practices that will produce higher yield in order to boost food security. Despite all these efforts, research findings still indicate that rural farmers in most cases find it difficult to obtain improved rice production inputs that are suitable to their local conditions [12, 13] . Reasonable proportions of the farmers are aware of the potential of rice crop production, but they have not adopted them.
The importance of farmers' adoption of new agricultural technology has long been of interest to agricultural economists, extensionists and rural development policy makers. It is believed that an effective way to increase productivity and enhance peoples' livelihoods is broadbased adoption of new farming technologies [6] . Rice area coverage in Ethiopia is still low compared to its potential [7] despite several agricultural policies and programs aimed at increasing productivities of rice implemented by the government to ensure improved food security. However, it is one thing to adopt and continue the use of the newly introduced rice crop technology; it is another thing to reject the technology adoption which is an important component that needs to be addressed in technology adoption decision process. Therefore, study on the different socioeconomic, institutional and psychological factors that influence the adoption of rice technology is useful for technology development and design of policies and strategies that foster adoption of rice technologies to cope up the current food insecurity of the district. Hence, this study was designed to identify the factors that affect adoption of rice technology in the study area to fulfill the existing knowledge gap.
Methods

Study site description
The study was conducted in Tselemti district of Tigray National Regional state of Ethiopia. It is found 1172 km far from the capital city Addis Ababa and geographically located 13°48′N latitude and 38°15′E longitude. It is bordered with Asgede Tsimbla, Welkait, Tanqua Abrgelle districts and Amhara region to the north, west, east and south, respectively. The district covers an altitude ranging from 800 to 2870 m above sea level. The mean annual temperature of the area is 16 °C (November-January) and 38 °C (February-May) minimum and maximum, respectively. Some of the major crops grown in the area include sorghum, finger millet, maize, chickpea and sesame.A map indicating the study location is presented in Fig. 1 .
Sampling procedures and data collection
Multistage sampling technique was employed to select the sample respondents. First, Tselemti district was purposefully selected due to its rice production potential in northwestern zone of Tigray. Secondly, from a total of 23 rural kebeles of the district, only 11 kebeles were considered for the study due to their rice production potential. The rest 12 kebeles were agro-ecologically not suitable and not experienced in rice production. From the 11 kebeles, three were randomly selected based on the relative similarity of the kebeles in the adoption of rice technology. A kebele is the smallest administrative unit in Ethiopia. Thirdly, two categories of farmers were included in the household sample; farmers who were producing rice for three or more years (adopters) and those not producing rice but have been exposed to rice technology (non-adopters). There was a difference in rice adoption status of each sampled kebeles. Some of the kebeles were better in rice acceptance and utilization though there is a similarity in rice production potential of the area. The sample size of each category was determined by using proportional to size of the adopters and non-adopter farmers to take a representative sample for the study. Finally, of 150 households 62 adopters and 88 non-adopters were drawn with proportional to the sample size of adoption status from the three kebeles. In addition, focus group discussions (FGD) in each kebeles were conducted to supplement the data collected through individual interview.
The data collected from both primary and secondary data sources were qualitative and quantitative in nature. Semi-structured interview schedule and checklist were used as data collection tools. Prior to the interviews, the semi-structured questionnaire was pretested to control validity, and modifications were made to enhance its utility in addressing the relevant issues. The household survey was conducted in January 2015 by four trained junior researchers who administered the questionnaire to the household head or any other senior member whenever the household head was not present at the time of the interview. Moreover, Secondary data were also collected from published and unpublished documents like reports of office of agriculture and rural development, documents, research publications, journals and internet browsing.
Method of data analysis
Descriptive, inferential, and econometric model was employed to analyze the data. Descriptive statistical analysis methods were employed to discuss the result of survey using frequency, percentages, mean, and standard deviation. The Chi-square tests and t test were used to see the presence of statistically significant differences and the systematic association between those who adopt and those who do not in terms of the hypothesized variables.
The logit econometric model was applied for analyzing factors influencing the adoption of rice technology. Logit model was used to determine the relative influence of various explanatory variables on the dependent variable. This model was chosen because it has an advantage that it reveals the relative influence on the probability of adoption of the technology and can predicate the probability on the extent of adoption in a proper way. The dependent variable in this case is dummy variable which takes the value of 1 for adopter farmers or 0 otherwise. Logit model which helps to test the determinants of adoption can mathematically be specified as follows:
where Y = 1 means a given farmer participates in production.
X i is a vector of independent variables. β o is the constant and β i , i = 1, 2…n are the coefficients of the independent variables to be estimated.
where
If P i is the probability of being adopter, then ( 1 − P i ), the probability of being non-adopter of improved rice variety is 1 − P i = 1 1+e z i . Therefore, we can write this equation as
is the odds ratio in favor of adopters.
In other words, it is the ratio of the probability that a given farmer participate in production to the probability that the farmer will not participate in production. Then, if we take the natural logarithm of equations (e) we obtain (1)
If the disturbance term a is taken into account, the logit model becomes Therefore, L i , which is the log of the odds ratio, is called logit or logit model [2] . Hence, the above logit model was employed to estimate the effect of the hypothesized explanatory variables on the adoption decision of farmers to use improved rice variety.
To avoid the problem of multicollinearity, both continuous and dummy variables were checked prior to executing the logit model. Different methods are often suggested to detect the existence of multicollinearity problem. Among them, variance inflation factors (VIF) technique was employed to detect multicollinearity in continuous explanatory variables [2] and the contingency coefficient (CC) for dummy variables. This analysis was carried using SPSS version 16. The variables used in logit model are presented in Table 1 .
Result and discussion
Effects of explanatory variables on adoption of improved upland rice variety
The descriptive statistics of the selected variables of the sample households examined in the study are presented in Tables 2 and 3 . As shown from the Table 2 , t value was computed for all continuous variables and it was found statistically significant for farm size, annual farm income, livestock holding, and labor availability in adult equivalent at 1% and 5% level of significance. This implies that there was a significant difference in all these variables between the two categories (adopters and non-adopters).
(2) The Chi-square test was computed for the categorical and dummy variables and it was found statistically significant for educational level, contact with extension agents, credit access, off-farm income, perception on rice yield, participation on field days and participation on training at 1% and 5% significant level in these variables between the two categories.
Rice is an important component of household food intake and income in the surveyed rice grower households. Rice technology was introduced in 2007 in the study area, by Maitsebri Agricultural Research Center, which was first conducted as an observation trail of two varieties. Two nationally released rice varieties (NERICA-3 and NERICA-4) were identified and recommended to the area following the adaptation trial conducted. In addition to this, the research center released one NERICA variety (NERICA-13) nationally in 2014. NERICA rice varieties had been selected in the area for its high yielding, short maturation periods, tolerance to a biotic stresses, tolerance to lodging and high response to mineral fertilization. Owing to its success, the NERICA varieties were covered more than 95% of the area covered with rice crop. Besides, the farmers were utilized recommended inorganic fertilizer (DAP and Urea) and weed management activities.
Currently, almost all of the rice growers are food sufficient and some of them have an excess rice grain available round the year. From the total rice grower sample respondents, 48% were facing to food shortage before they started to grow rice. It was due to lack of appropriate crop to their land, limited fertilizer utilization, management problem and water logging. Furthermore, the variety development and agronomic practice have been found promising to enhance production and productivity so as to improve the livelihood of small scale farmers in the region.
Factors determining the adoption of upland rice technology
The main purpose of this study was to explore the important factors that influence farmers' decisions to adopt upland rice technology. The goodness-of-fit measures were employed to check and validate that the model fits the data well. The Chi-square goodness-of-fit test statistics of the model show that the model fits the data with significance at the 1% significance level. This shows that the independent variables were relevant in explaining the farmers' decision to adopt upland rice technologies. The model predication result also shows that about 88% of the overall sample cases were correctly predicted by the model. Out of 14 explanatory variables included in the model, seven were found to be significant in influencing the farmers' decision to adopt or not to adopt rice technologies. The remaining seven variables: sex, age, farm size, labor availability, livestock holding, farm income and contact with extension were not significant (Table 4) .
That implies they do not determine the farmers' continued adoption decision behavior of rice technology.
Level of education
As expected education level of the household head had a positive and significant relationship with the probability of adoption of rice technology. The odds ratio in favor of adopting improved rice technology, other factors kept constant, increases by a factor of 2.256 for the farmer whom assumed household heads become literate than that who did not. This could be due to the fact that relatively educate farmers have more access to information and they become aware of new technology, and this awareness enhances the adoption of technologies. This result is consistent with finding of Umeh and Chukwu [20] , Tiamiyu et al. [17] , Rahman and Bulbul [14] and Leake and Adam [5] which suggested that the more educated the farmer was, the more likely to adopt new technology. On the contrary, the negative influence of education was also observed in other study by Tura et al. [19] which justifies households headed by literates were relatively less likely to adopt improved maize varieties in Central Ethiopia. This was due to the fact that the relatively more educated household heads were youngsters and the land ownership among the youth was minimal.
Perception on rice yield
Farmers' perception about the yield of rice was found to-influence adoption of rice technology positively and Table 4 The maximum likelihood estimation of the binary logit model ***, ** and * significant at 1%, 5% and 10% significant level, respectively significantly at less than 1% significance level. Farmers' perception of the superiority on yield of rice crop compared to other crops in the area creates interest to adopt rice technology. The odds ratio, other things kept constant, implies that the probability of adopting rice technology increases by a factor of 11.797 as the perception of yield benefit relative to other crops increases. A similar result was reported by Langyintuo and Mungoma [4] and Wen-chi et al. [21] that imply yield potential plays a crucial role in choosing a given variety. Therefore, the probability of adoption of improved technologies would increase once a farmer perceives that the yield potential of the given crop was higher than that of the existing one.
Off-farm activities
The engagement in an off-farm income activities was found to have positive and significant influence on the adoption of upland rice. The odds ratio, other things kept constant, implies that the probability of adopting rice technology increases by a factor of 3.044 as the farmer's engagement in off-farm source of income increase by one unit. This could be associated with the farmers opportunity of using money from off-farm activities for purchasing of inputs that enable them to adopt rice technology. This was consistent with the findings of Tura et al. [19] and Olalekan and Simeon [11] that shows the possibility of using money from off-farm activities for purchasing of inputs necessary to continue growing improved varieties.
Access to credit service
As the model result indicates, the variable access to credit had positively and significantly influenced the likelihood of adoption of rice technology. From this result, it can be stated that those farmers who have access to formal credit, from agricultural office and cooperatives were more probable to adopt rice technology than those who have no access to formal credit. The odds ratio indicated in the model with regard to credit implies that, another thing being held constant, the odds ratio in favor of adopting rice technology increases by a factor of 2.666 as farmers get access to credit. Earlier studies by Ogutu and Obare [10] and Leake and Adam [5] also indicated that credit availability significantly affects the adoption of improved technologies and the quantity of inputs farmers apply.
Market distance
The variable market distance affects the adoption decision of farmers negatively and significantly at 10% level of significance. The result of the odds ratio indicated that as the market distance increases, the logs of odds ratio in favor of households' adoption of rice technology decrease by 0.919. This implies that farmers who are distant from the input and output market have less likelihood to adopt the improved upland rice technology. The study by Solomon et al. [15] , Yemane [22] and Olalekan and Simeon [11] were consistent with this result; that shows distance from the nearest market affects adoption of improved agricultural technology negatively and significantly. It also indicates that the shorter the distance from the household to the nearest market, the higher the probability of adopting new technology. Rice crop was matched with the farmer's needs and field realities of the area. Farmers do not operate their rice farm on a large scale in isolation, but within the wider market system. The farmers were able to produce surplus paddy rice in their farms. However, most of the rice producer farmers respond that there were market problems in their nearest place. The major rice marketing difficulties were related to non-availability of market, a small number of market actors, low quality product that can meet consumer demand, and absence of rice polisher. As a result, a major portion of the total production was consumed and very little sold in the local market for consumers and as a seed formally and informally.
Participation on field days
It was found that exposure to information in relation to attending field days had positively and significantly influenced the probability of adoption of rice technology at less than 1% significant level. When farmers practically observe a new practice they could weigh the advantage and disadvantages of the new technology. This can facilitate adoption and helps them to implement the new technology properly in their own situation. Another thing held constant, the odds ratio of the variable attending field days implies that as farmers' exposure to agricultural information through field day increases, the odds ratio in favor of adopting improved rice technology increases by a factor of 5.784. This result goes along with the study done by Mustapha et al. [9] and Yemane [22] that revealed exposure to information due to participation in field days had a positive and significant influence on the probability of adoption of improved upland rice variety.
Training participation
Training was important for acquiring information, knowledge and developing abilities or attitudes, which result in greater competence in the performance of a work. It was found that participation in training had positively and significantly influenced the probability of adoption of rice technology at less than 5% significant level. The more the opportunity to participate in rice technology related training programs had increased farmers' adoption of rice technologies. This implies that if the households participated in training, the logs of odds ratio in favor of households' adoption of rice technology increased by a factor of 3.624. A study by Tsado et al. [18] showed the responses of the participants on the training and adoption of the improved rice package had most impacted their lives. The farmers have received training and experience sharing on rice variety development, agronomic practices, post-harvest handling and utilization on different food recipes. The wereda office of agriculture and rural development, Agricultural Research and NGOs were the main rice training and experience sharing providers in the area.
Conclusion and policy implication
Descriptive statistical analysis results show that adopters of rice technologies were better on education level, access to farmland, family labor force, livestock ownership, earning annual farm income and perception of rice yield. In addition to this, adopters of rice technology had participated more in off-farm activities, access to credit, contact with extension agents, rice related training and field days than the non-adopters.
The econometric regression binary logit model result indicated that level of education, perception on rice yield, access to credit service, participation in off-farm activities, participation on field day and participation in training influencing adoption positively and significantly. Furthermore, market distance influences rice technology adoption negatively and significantly. However, the remaining seven explanatory variables: sex of the household, age, farm size, labor availability, livestock holding, farm income and contact with extension agents were not significant. This implies they do not determine the farmers' sustained adoption decision behavior of rice technology in the study area.
This suggested that, in line with the formal education, focus should be given for adult and continues the training program to bring a change in the adoption of new technologies. Strengthening of rural cooperatives which can deliver inputs and credit on reliable market price should be enhanced. The quantity and quality of rice produced at the farm level affected marketable supply, household income, and its contribution to food security and self-sufficiency. Thus, all stakeholders, especially the agricultural extension service, need to carry out more aggressive promotion of the improved rice technologies through appropriate mechanisms in input delivery, processing facilities and creating market opportunities. Proper attention is also needed for the development of income generating activities through constructing rural infrastructures in order to increase the participation of farmers in off-farm income activities. Moreover, frequent training of the rice farmers in the study area should be given attention, so that the farmers can obtain optimum yield from the adoption of improved rice varieties and attract other farmers. The participation of farmer in field days has to be strengthened so as to improve farmers' access to practical information and extension advice to adopt and expand the new innovation in a sustainable way.
